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ABSTRACT 
 
Estrogen deficiency causes various health problems in postmenopausal women, including osteoporosis. 
Phytoestrogen emerged as a potential alternative of estrogen with minimum side effects. Green clover 
(Marsilea crenata Presl.) is a typical plant in East Java which suspected contains estrogen-like substances. 
The aim of this research was to report the phytochemical properties of M. crenata using GC-MS as a 
preliminary study. M. crenata leaves were dried and extracted with n-hexane, then separated using vacuum 
column chromatography to get four fractions, after that the n-hexane extract and four fractions were 
identified with GC-MS. The results of GC-MS analysis showed some compounds contained in M. crenata leaves 
like monoterpenoid, diterpenoid, fatty acid compounds, and other unknown compounds. The results obtained 
in this research indicated a promising potential of M. crenata as medicinal plants, especially as 
antiosteoporotic agent. 
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ABSTRAK 
 
Defisiensi estrogen menyebabkan berbagai masalah kesehatan pada wanita pascamenopause, salah 
satunya osteoporosis. Fitoestrogen muncul sebagai alternatif yang potensial pengganti estrogen dengan efek 
samping minimal. Semanggi (Marsilea crenata Presl.) merupakan tanaman khas Jawa Timur yang diduga 
mengandung senyawa dengan fungsi mirip estrogen (estrogen-like substances). Tujuan dari penelitian ini 
untuk melaporkan kandungan senyawa kimia dalam M. crenata menggunakan GC-MS sebagai studi 
pendahuluan. Daun M. crenata diekstraksi dengan n-heksana lalu dipisahkan menggunakan kromatografi 
kolom vakum, setelah itu ekstrak n-heksana dan empat fraksi yang didapatkan diidentifikasi menggunakan 
GC-MS. Hasil analisis GC-MS menunjukkan beberapa golongan senyawa yang terkandung dalam daun M. 
crenata seperti monoterpenoid, diterpenoid, senyawa asam lemak, dan senyawa lain yang belum diketahui. 
Hasil yang diperoleh dalam penelitian ini menunjukkan potensi menjanjikan M. crenata sebagai tanaman 
obat, khususnya sebagai antiosteoporosis. 
Kata kunci: Marsilea crenata Presl., fitokimia, antiosteoporosis, GC-MS 
 
 
INTRODUCTION 
Marsilea. crenata  (Figure 1) is a unique 
plant that grows in East Java, Indonesia. Its leaves 
are widely used as an ingredient for traditional 
food (Afriastini, 2003; Nurjanah et al. 2012). M. 
crenata is a kind of ferns which is usually grown in 
the aquatic environment (Afriastini, 2003; Steenis, 
1975). Different from other Marsilea plants such 
as   Marsilea   minuta   Linn.,   Marsilea   quadrifolia,  
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Marsilea rajasthansis Gupta, and Marsilea 
drummondii, the phytochemical properties of 
Marsilea crenata Presl. has not been confirmed yet. 
Whereas these plants has great potential as a 
source of food or as medicinal plants and very 
easy to grow (Yacoeb et al. 2010).  
Some research shows that M. crenata has 
activity for prevention of osteoporosis (Laswati, 
2011). Using radioimmunoassay (RIA), estradiol-
like compound concentrations in M. crenata    
leaves were detected quite high (Laswati, 2011), 
and it has potentials in delaying the increment                
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of imbalance bone remodeling process in post-
menopausal women (Laswati, 2011; Yang, et al. 
2012; Ososki et al. 2003). 
 
 
 
Figure 1.  M. crenata 
 
This study was aimed to report the 
phytochemical properties of M. crenata using GC-
MS as a preliminary study to determine the anti-
osteoporotic activity of M. crenata. GC-MS is a 
powerful technique used for many applications 
which has very high sensitivity and specificity and 
also can save more time (Elezabeth et al. 2014; 
Kumar et al. 2014; Bai et al. 2014). 
 
METHODOLOGY 
Chemical and Equipment 
Plant Material 
The leaves of M. crenata were collected in 
Surabaya, East Java, Indonesia. The collected plant 
materials were washed thoroughly with water, 
then dried carefully under shade, at room 
temperature so as to retain their fresh green color, 
and also to prevent decomposition of active 
compounds (Sarker et al. 2006).  
 
Extraction and Fractination 
N-hexane and ethyl acetate as solvent and 
mobile phase, maseration chamber, vacum column 
chromatography with diameter 6,5 cm and hight 
6,5 cm, TLC plate silica gel 60 F254 Merck, silica 
gel 60 G Merck,  H2SO4 10% reagent, and 254 nm 
also 366 nm UV lamp. 
 
Method 
Extraction and Fractination 
The leaves of M. crenata were extracted 
with n-hexane through maseration method. The n-
hexane extract of M. crenata leaves then separated 
using vacuum column chromatography on 70 g 
silica gel 60 G Merck as the stationary phase, and 
n-hexane : ethyl acetate as the mobile phase at 
gradient eluation. 
 
 
Analysis with GC-MS 
The n-hexane extract and fractions were 
analyzed using an HP gas chromatography model 
6890 coupled to an MSD detector. Analysts were 
separated on an HP-5MS capillary column Agilent 
19091S-433 (30.0m X 250μL X 0.25μL) with cons-
tant flow of carrier gas 1.0mL/min and initial 
pressure 11.6 psi, and then applying the following 
temperature program: 120°C for 2min, 120-200°C 
at 10°C/min, and 200°C for 10min. Mass detector 
conditions were acquisition mode scans, source 
temperature are minimum 230°C and maximum 
250°C. Carrier gas was helium at 1.0 mL/min. The 
tentative identification of volatile components was 
achieved by comparing the mass spectra with the 
data system library (NIST02) and (Wiley275), sup-
ported by retention index data, which were com-
pared with available literature retention indices. 
 
RESULTS AND DISCUSSION 
A total of 1.5 kg green powder was 
extracted with n-hexane to produce 22 g extract. 
After that, 3.5 g of n-hexane extract was separated 
using vacuum column chromatography on 70 g 
silica gel 60 G Merck as the stationary phase, and 
n-hexane : ethyl acetate as the mobile phase at 
gradient eluation. The separation process resulted 
in four fractions, there are fraction 1 (2,236 mg), 
fraction 2 (1,100 mg), fraction 3 (403 mg), and 
fraction 4 (96 mg). The separation process of n-
hexane extract into several fractions using dry 
column vacuum chromatography needs to be done 
before analysis by GC-MS. This separation serves 
to improve the detection capabilities of GC-MS. 
Some peak that cannot be detected in the extract 
can be detected in fractions. This is because the 
compounds in each fraction, which are separated 
and identified by GC-MS, is not as much as the 
compounds in the extract. 
The results of GC-MS analysis of the n-
hexane extract and four fractions of M. crenata 
leaves show some compounds contained as listed 
in Table I. In Figure 2, we can see the Total Ion 
Chromatogram (TIC) of n-hexane extract and four 
fractions of M. crenata leaves. Mass spectra of each 
peak of extracts and fractions are further 
identified and matched with a data system library 
NIST02 and Wiley275. Each peak is identified with 
match factor should more than 85%. For 
examples, see figure 3. Figure 3 is mass spectra of 
peak from n-hexane extract that has a retention 
time (a) 11,996 and (b) 14,725, its appropriate 
with mass spectra of (a) neophytadiene with 
match factor 99%, and (b) n-hexadecanoic acid 
with match factor 98% . 
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In general, the result of GC-MS show that 
the n-hexane extract of M. crenata leaves predicted 
contains many volatile group compounds such as 
monoterpenoid and diterpenoid, and fatty acid 
group compounds. The n-hexane extract and 
fractions of M. crenata leaves contain some 
diterpenoid compounds such as neophytadiene 
that have activity as antipyretic, analgesic, 
antiinflammatory, antimicrobial, and antioxidant; 
dihydroactinidiolide that have function as 
fragnance or pheromon in animal; phytol that 
have activity as antiinflammatory, antimicrobial, 
antioxidant, and diuretic; fatty acid compounds 
such as palmitic acid that have activity as 
antioxidant, hypocholesterolemic, antiandrogenic, 
and 5-Alpha reductase inhibitor; oleic acid that 
have activity as cancer preventive and 
antiandrogenic; elaidic acid that have activity as 
anticholesterol and lower LDL; and also other 
unknown compounds. Some of predicted 
compounds are impossible found in extract                    
and fractions of natural product. For example, 
methyl ester form of fatty acid is normally 
detected after saponification process in laboratory 
work. 
Through correlation analysis between TIC 
GC-MS and literature study, it can be concluded 
that palmitic acid is estrogen-like substance in M. 
crenata leaves that suspected have a role as 
antiosteoporotic agent, especially in improvement 
of osteogenesis (Kim et al. 2013). The mechanism 
of palmitic acid in improving osteogenesis occurs 
through enhancement of osteoblast’s transcription 
factor in differentiation process such as runt-
related transcription factor-2 (runx-2) and osterix 
(osx) significantly (Kim et al. 2013). 
         
    
Figure  2.  TIC of (a) n-hexane extract, (b) fraction 1, (c) fraction 2, (d) fraction 3, and (e) fraction 4 of M. 
crenata leaves.  
 
       
 
Figure 3.  Comparison of spectrums through mass finder. (a) neophytadiene and (b) n-
hexadecanoic acid 
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CONCLUSIONS 
Through GC-MS analysis, it is known that M. 
crenata leaves contain many volatile group 
compounds such as monoterpenoid, diterpenoid, 
and fatty acid group compounds that have various 
activity. Palmitic acid, one of fatty acid contained 
in M. crenata leaves, is suspected to have a role as 
antiosteoporotic agent, especially in improvement 
of osteogenesis. Therefore, further research is 
need to be done to prove it’s activity. 
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